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COMMUNICATION CONTROL METHOD,
RADIO BASE STATION, AND RADIO
CONTROL STATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication control
method, a radio base station, and a radio control station, and
more particularly to a communication control method, aradio
base station, and a radio control station for a mobile commu-
nication system comprising a radio control station for con-
trolling communications between a radio base station and a
plurality of mobile stations.

2. Related Background of the Invention

A mobile communication system 1s a system, which carries
out communications using limited resources (frequencies and
power), and has an upper limit to communication capacity.
Therefore, a variety of factors, such as an increase in the
number of users (number of mobile stations) carrying out
communications i a mobile communication system, give
rise to communications congestion, by which the quality of
communications already being carried out deteriorates, or
new communications cannot be commenced. A situation like
this 1s generally called congestion.

As a method for avoiding congestion, a method in which a
radio control station recerves a plurality of parameters
impacting the management of a radio channel from a radio
base station, and adjusts the utilization of radio resources, 1s
known (See Japanese Patent Application Laid-open (National
Publication of Translated Version) No. 2005-525743).

Further, when a channel 1s saturated, a method for control-
ling the transmission rate and channel connection between a
mobile station and the radio base station on the basis of a
priority allocated to the mobile station 1s known (See Japa-
nese Patent No. 3333471). In addition, a method for estab-
lishing a radio channel to a mobile station 1nside the radio
zone ol a mobile destination based on the priority of the

mobile station at handover 1s known (See Japanese Patent
Application Laid-open No. He1. 01-238328).

SUMMARY OF THE INVENTION

In the method disclosed in Japanese Patent Application
Laid-open (National Publication of Translated Version) No.
2005-525743, the radio base station measures a plurality of
parameters, which 1mpact on the management of a radio
channel, and send these parameters to the radio control station
to adjust the utilization of radio resources. However, for
example, the radio control station does nothing more than
carry out various types of control corresponding to a single
parameter, like executing power control upon recerving a
power-related parameter. For this reason, the radio control
station 1s not able to accurately estimate the congestion gen-
crated by the combination of a plurality of factors, and cannot
exercise control for avoiding congestion.

Also, 1 the method disclosed 1n Japanese Patent No.
3333471, since channel saturation 1s determined based solely
on the number of users engaged in communications, 1t 1s not
possible to exercise accurate control for avoiding the conges-
tion resulting from factors other than an increase in the num-
ber of users. In addition, 1n the method disclosed in Japanese
Patent Application Laid-open No. He1. 01-238328, since con-
trol 1s carried out based solely on whether or not a radio
channel 1s ree, 1t 1s not possible to carry out accurate control
for avoiding the congestion caused by factors other than the
presence or absence of a free radio channel.
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Accordingly, an object of the present invention 1s to pro-
vide a communication control method, radio base station and
radio control station, which are capable of avoiding the gen-
eration of congestion by accurately estimating the congestion
of a mobile communication system.

The communication control method of the present inven-
tion 1s a communication control method for a mobile com-
munication system, which comprises a plurality of mobile
stations, a radio base station capable of communicating with
the plurality of mobile stations, and a radio control station,
which 1s able to communicate with the radio base station and
which controls communications between the radio base sta-
tion and the plurality of mobile stations, the communication
control method comprising: a measurement step of measur-
ing a plurality of congestion parameters related to factors
generating congestion in the mobile communication system;
an evaluation step of evaluating, by the radio control station,
a congestion degrees corresponding to each of the plurality of
congestion parameters measured 1n the measurement step;
and a control step of controlling a communication setting
between the radio base station and at least one of the plurality
of mobile stations 1n accordance with a control mstruction
transmitted from the radio control station to the radio base
station when at least one of the plurality of congestion degrees
acquired by the evaluation step 1s a prescribed level or more.

According to this communication control method, the con-
gestion degrees for each of a plurality of congestion param-
cters related to factors generating congestion are evaluated,
and the communication setting between the radio base station
and the mobile station 1s controlled. Theretfore, since the state
of congestion of the mobile communication system 1s accu-
rately estimated by taking into account a plurality of factors
generating congestion, it 15 possible to precisely avoid the
generation of congestion.

In the evaluation step of the above-mentioned communi-
cation control method, when the radio control station changes
a congestion level depicting the congestion degree corre-
sponding to any of the plurality of congestion parameters
after storing the congestion level 1n the evaluation step, a first
threshold for raising the congestion level may be higher than
a second threshold for lowering the congestion level. By so
doing, the frequency with which the congestion degree is
changed 1n response to the fluctuation of the congestion
parameters 1n a short period of time 1s reduced. Therefore,
since the frequency with which the communication setting
between the mobile station and the radio base station 1s con-
trolled by control instructions from the radio control station
can be held 1 check, it 1s possible to reduce excessive loads
placed on the respective components of the mobile commu-
nication system.

Further, in the above-mentioned communication control
method, the congestion degree may be divided 1nto no less
than three congestion levels, and a higher congestion degree
1s set 1n a higher congestion level than 1n a lower congestion
level. Constituting the congestion degree like this enables
flexible, and fine-tuned control.

In addition, 1n the above-mentioned communication con-
trol method, at least one of the plurality of congestion param-
cters may be a parameter related to downlinks between the
radio base station and the plurality of mobile stations. Also, at
least one of the plurality of congestion parameters may be
either code usage, baseband resource usage or transmission
power. Treating these parameters as congestion parameters
enables fine-tuned control.

Further, the above-mentioned communication control
method may further comprise a priority determination step of
determining a priority, which has been set for the plurality of
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mobile stations by the radio control station, wherein the con-
trol 1nstruction in the control step 1s an instruction for con-
trolling the communication setting 1n accordance with the
congestion degree and the priority. By using a communica-
tion control method like this, the communication setting
between the radio base station and the mobile station 1s con-
trolled on the basis of the priority established for the mobile
station 1n addition to the plurality of congestion parameters.
Therefore, 1n a state of communication congestion in which
congestion 1s likely to occur, 1t 1s possible to carry out precise
communication control that conforms to the mobile station
user, while avoiding the generation of congestion.

Further, the control 1nstruction 1n the control step may be
an instruction related to the communication setting between
the radio base station and the mobile station which has the low
priority and which has been communicating for a long time.
Using a control instruction like this, for example, makes it
possible to restrict usage by the mobile station, which has
been 1n use for a long time, and to more precisely carry out
communication control that conforms to the mobile station
user.

In addition, the communication setting controlled by the
control instruction 1n the control step may be a setting related
to changes 1n a transmission rate. Further, the communication
setting controlled by the control instruction 1n the control step
may be a setting related to changes 1n a communication chan-
nel. Using a communication setting like this makes 1t possible
to more precisely carry out communication control 1n accor-
dance with the congestion degree.

The communication setting controlled by the control
instruction in the control step may be a setting for rejecting a
communication from a mobile station, which 1s attempting to
start a new communication. In a state of congestion in which
the congestion degree exceeds a prescribed level, using a
communication setting like this makes 1t possible to protect
the quality of communications between the radio base station
and the mobile stations, which are already engaged 1n com-
munications 1n a cell, by rejecting a communication gener-
ated 1nside the cell to which the radio base station 1s capable
of providing communications to mobile stations.

The present invention can be disclosed as an invention
related to a communication control method as above, and can
also be disclosed as an invention related to a radio base station
and a radio control station as follows.

A radio base station of the present invention 1s a radio base
station 1n a mobile commumnication system, which comprises
a plurality of mobile stations, a radio base station capable of
communicating with the plurality of mobile stations, and a
radio control station, which 1s able to communicate with the
radio base station, and which controls communications
between the radio base station and the plurality of mobile
stations, the radio base station comprising: a parameter acqui-
sition portion for acquiring a plurality of congestion param-
cters related to factors generating congestion 1n the mobile
communication system; a transmission portion for transmit-
ting the plurality of congestion parameters acquired by the
parameter acquisition portion to the radio control station; a
reception portion for recerving from the radio control station
a control instruction for controlling a communication setting
between the radio base station and the plurality of mobile
stations; and a control portion for controlling the communi-
cation setting between the radio base station and at least one
of the plurality of mobile stations, based on the control
istruction recewved by the reception portion, wherein the
parameter acquisition portion acquires data related to base-
band resource usage as one of the plurality of congestion
parameters.
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This radio base station acquires a plurality of congestion
parameters, which comprise data related to baseband
resource usage as one of the plurality of congestion param-
eters. Therefore, since a control 1instruction, which takes into
account baseband resource usage as a factor generating con-
gestion, can be recerved from the radio control station, 1t 1s
possible to more precisely control the communication setting
between the radio base station and the mobile station.

A radio control station of the present mvention 1s a radio
control station 1 a mobile communication system, which
comprises a plurality of mobile stations, a radio base station
capable of communicating with the plurality of mobile sta-
tions, and the radio control station, which 1s able to commu-
nicate with the radio base station, and which controls com-
munications between the radio base station and the plurality
ol mobile stations, the radio control station comprising: a
reception portion for receiving a plurality of congestion
parameters related to factors generating congestion in the
mobile communication system; an evaluation portion for
evaluating congestion degrees corresponding to the plurality
ol congestion parameters acquired by the reception portion;
an instruction generating portion for generating a control
instruction for controlling a communication setting between
the radio base station and at least one of the plurality of
mobile stations, when at least one of the plurality of conges-
tion degrees acquired by the evaluation portion 1s a prescribed
level or more; and a transmission portion for transmitting the
control instruction generated by the instruction generating
portion to either the radio base station or at least one of the
plurality of mobile stations.

According to this radio control station, the congestion
degrees for each of the plurality of congestion parameters
related to factors generating congestion are evaluated, and a
control mstruction for controlling the communication setting
between the radio base station and the mobile station 1s gen-
crated. Therefore, since the state of congestion of the mobile
communication system can be estimated more accurately by
taking into account a plurality of factors generating conges-
tion, the radio control station 1s able to transmit to the radio
base station a control mstruction for precisely avoiding the
generation of congestion.

As mentioned above, according to the present invention,
the state of congestion of the mobile communication system
1s accurately estimated by evaluating the congestion degrees
of each of a plurality of congestion parameters related to
factors generating congestion. Therefore, since the state of
congestion of the mobile communication system 1s estimated

by taking 1nto account a plurality of factors, the generation of
congestion can be precisely avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram showing an example of the
constitution of a mobile communication system 1n which a
communication control method related to an embodiment of
the present invention 1s applied.

FIG. 2 1s a functional block diagram of a mobile station
constituting the mobile communication system.

FI1G. 3 1s a diagram showing the hardware configuration for
a mobile station constituting the mobile communication sys-
tem.

FIG. 4 1s a functional block diagram of a radio base station
constituting the mobile communication system.

FIG. 5 1s a functional block diagram of a baseband signal
processing portion and application portion constituting the
radio base station.
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FIG. 6 1s a diagram showing the hardware configuration for
the radio base station constituting the mobile communication

system.

FIG. 7 1s a functional block diagram of a radio control
station constituting the mobile communication system.

FI1G. 8 1s a diagram showing the hardware configuration of
the radio control station constituting the mobile communica-
tion system.

FIG. 9 1s a diagram showing a table for evaluating the
congestion degree related to code usage 1n a downlink.

FIG. 10 1s a diagram showing a table for evaluating the
congestion degree related to baseband resource usage 1n a
downlink.

FIG. 11 1s a diagram showing a table for evaluating the
congestion degree related to transmission power 1n a down-
link.

FIG. 12 1s a diagram showing a table for evaluating the
congestion degree related to baseband resource usage 1n a
downlink when a raising-threshold and a lowering-threshold
are set.

FIG. 13 1s a flowchart describing an example of a process
for controlling the communication setting between the radio
base station and a mobile station in accordance with the
congestion degree.

FIG. 14 1s a flowchart describing an example of a process
for controlling the communication setting between the radio
base station and the mobile station in accordance with the
congestion degree and the above-mentioned prionity.

FIG. 15 1s a flowchart describing another example of a
process for controlling the communication settings between
the radio base station and the mobile station 1n accordance
with the congestion degree.

FIG. 16 1s a flowchart describing another example of a
process for controlling the communication settings between
the radio base station and the mobile station in accordance
with the congestion degree and the above-mentioned priority.

FIG. 17 1s a flowchart describing another example of a
process for controlling the communication settings between
the radio base station and the mobile station in accordance
with the congestion degree.

FIG. 18 1s a flowchart describing another example of a
process for controlling the communication settings between
the radio base station and the mobile station 1n accordance
with the congestion degree and the above-mentioned priority.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments of a communication control method,
radio base station, and radio control station related to the
present invention will be explained below while referring to
the figures.

First, a mobile communication system, 1n which a commu-
nication control method related to an embodiment of the
present invention 1s applied, will be explained.

As shown 1n the system configuration diagram of FIG. 1, a
mobile communication system 1 related to this embodiment
comprises a plurality of mobile stations 10, 11, 12, 20; aradio
base station 30; and a radio control station 40, which controls
the mobile stations 10, 11, 12, 20 and the radio base station
30. The radio base station 30 1s able to communicate with the
plurality of mobile stations 10, 11, 12, 20. Further, the radio
control station 40 1s able to communicate with the radio base
station 30, and also controls communications between the
radio base station 30 and the plurality of mobile stations 10,
11, 12, 20. Furthermore, the radio base station 30 and the
radio control station 40, which constitute the mobile commu-
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6

nication system 1, are also the radio base station and radio
control station related to the embodiments of the present
invention.

A cell 50 shows the area 1n which the radio base station 30
1s able to provide communications to the mobile stations 10,
11, 12, 20. FIG. 1 shows a state in which the mobile stations
10, 11, 12 are already communicating with the radio base
station 30 1n the cell 50, and the mobile station 20 1s attempt-
ing to start a new communication with the radio base station
30 1n the cell 50.

Since the mobile stations 10, 11, 12, 20, which carry out
communications with the radio base station 30, comprise the
same constitutions and functions, unless otherwise specified,
heremnafter the explanation will use the mobile station 10 as
an example of a mobile station carrying out communications
with the radio base station 30. Further, the explanation will
use the mobile station 20 as an example of a mobile station
attempting to start a new communication.

Mobile communication systems comprising a constitution
like this include the so-called third-generation mobile com-
munication system, and standardized specifications for a
mobile communication system called the IMT-2000 stipulate
specifications related to a W-CDMA mode and a cdma-2000
mode for local standardization agency-organized 3GPP/
3GPP2 (Third-Generation Partnership Project/Third-Gen-
eration Partnership Project 2), respectively.

For example, in the W-CDMA Release 99 system, a one-
to-one communication channel called a dedicated channel 1s
established between a radio base station and a mobile station,
and communications are carried out via this dedicated chan-
nel.

In a mobile communication system like this, limited
resources, for example, include the downlink transmission
power ol the radio base station, channelization code usage
(hereimafiter, code usage), and baseband resource usage. Here,
baseband resource usage signifies the usage of hardware
resources related to processing carried out inside a radio base
station, such as physical memory capacity, and CPU process-
ing capabilities.

Also, 1 a mobile communication system like this, 1t 1s
possible to determine the state of communication congestion
based on these usages and power. For example, to determine
the state of communication congestion based on the transmis-
sion power when the maximum transmission power (upper
limit) of the radio base station 1s 20 W, 1t 1s possible to
determine that communications are becoming congested 1n
the area to which this radio base station 1s providing commu-
nications when the transmission power of the radio base
station approaches 20 W. Also, because the code usage and
baseband usage have the same upper limits, 1t 1s also possible
to determine that this area 1s congested when these usage
levels approach their respective upper limits.

Next, the elements constituting the mobile communication
system 1, and the functions thereof will be explained while
referring to FIGS. 2 through 8.

First, the elements constituting the mobile station 10 and
the functions thereof will be explained. Furthermore, as men-
tioned above, since the mobile stations 10, 11, 12, 20 com-
prise the same constitutions and functions, the mobile station
10 will be explained, and duplicate explanations will be omit-
ted.

FIG. 2 1s a block diagram showing the functional constitu-
tion of the mobile station 10. The mobile station 10, as shown
in FIG. 2, functionally comprises a transmitting/receiving
antenna 101, an amplifier portion 102, a transmitter/recerver
portion 103, a control portion 104, an output portion 105 and
an input portion 106.
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FIG. 3 1s a diagram showing an example of the hardware
configuration of the mobile station 10. The mobile station 10,
as shown 1n FIG. 3, 1s physically constituted as a communi-
cation terminal comprising a CPU 151, a RAM 152 and a
ROM 153, which are storage devices, a communication mod-
ule 154, which 1s a transmitting/receiving device for carrying
out communications via a communication network N, a dis-
play device 155 such as a liquid crystal display, and an input
device 156 such as a ten-key pad and arrow keys. The respec-
tive functions explained in FIG. 2 are realized by reading
prescribed computer software into the CPU 151, RAM 152
and other hardware shown 1n FIG. 3, and operating the com-
munication module 154, display device 155 and input device
156 under the CPU 151 control to carry out data read/write
from/to the RAM 152 and ROM 153.

The respective tunctional elements of the mobile station 10
will be explained below using FI1G. 2.

The transmitting/recerving antenna 101 1s the part that
carries out transmitting/receiving of data with the radio base
station 30, and a radio frequency signal recerved from the
radio base station 30 1s outputted to the amplifier portion 102.
The amplifier portion 102, after amplitying the mnputted sig-
nal, outputs this amplified signal to the transmitter/receiver
portion 103, and the transmitter/receiver portion 103, after
performing the necessary frequency conversion processing
for the amplified signal, outputs this signal to the control
portion 104. The control portion 104 carries out processing in
accordance with the signal mputted from the transmatter/
receiver portion 103, and outputs voice, graphics and other
data via the output portion 105. Further, a control instruction
for changing the communication setting between the mobile
station 10 and the radio base station 30 is received by the
transmitting/receiving antenna 101 by way of the radio base
station 30 after being sent from the radio control station 40,
and the same as when there 1s voice, graphics and other such
data, 1s processed by the amplifier portion 102, the transmiut-
ter/recerver portion 103 and the control portion 104. Conse-
quently, the communication setting between the mobile sta-
tion 10 and the radio base station 30 1s controlled by the
control mstruction from the radio control station 40. Further-
more, details concerning this control instruction will be
explained hereinbelow. Conversely, the mput portion 106
outputs the voice, graphics and other such data inputted by the
mobile station user to the control portion 104, and the control
portion 104 outputs a signal obtained by carrying out process-
ing 1n accordance with the data inputted from the mput por-
tion 106 to the transmitter/recerver portion 103. The transmait-
ter/receiver portion 103, after carrying out the needed
frequency conversion processing for the signal inputted to the
transmitter/recerver portion 103, outputs this signal to the
amplifier portion 102. After amplitying the signal recerved
from the transmitter/receiver portion 103, the amplifier por-
tion 102 sends the amplified s1ignal to the radio base station 30
by way of the transmitting/receiving antenna 101.

Next, the elements constituting the radio base station 30
and the functions thereof will be explained.

FIGS. 4 and 5 are block diagrams showing the functional
constitution of the radio base station 30. The radio base sta-
tion 30, as shown in FIG. 4, functionally comprises a trans-
mitting/recerving antenna 301, an amplifier portion 302, a
transmitter/recerver portion 303, a baseband signal process-
ing portion 304 (parameter acquisition means), an application
portion 305 (control means), and a transmission interface 306
(transmission means, reception means). Further, as shown 1n
FIG. 5, the baseband signal processing portion 304 comprises
a layer one processing portion 311, and the application por-
tion 305 comprises a call processing portion 312 and a
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resource monitoring portion 313. The layer one processing
portion 311 (parameter acquisition means) of the baseband
signal processing portion 304 1s connected to the call process-
ing portion 312 (control means) and the resource monitoring
portion 313 of the application portion 305.

FIG. 6 1s a diagram showing an example of the hardware
configuration of the radio base station 30. The radio base
station 30, as shown 1n FIG. 6, 1s physically constituted as a
communication device comprising a CPU 351, a RAM 352
and a ROM 353, which are storage devices, a communication
module 354, which 1s a transmitter/receiver device for carry-
ing out communications over a communications network N,
and an mput device 356 and an output device 357 for carrying
out input/outputrelated to the processing of the CPU 351. The
respective functions explained in FIGS. 4 and 5 are realized

by reading prescribed computer software into the CPU 351,
the RAM 352 and other hardware shown in FIG. 6, and

operating the communication module 354 and so forth under
the CPU 351 control to carry out data read/write from/to the
RAM 352 and the ROM 353.

Therespective functional elements o the radio base station
30 will be explained below by using FIGS. 4 and 3.

Transmission data, so-called downlink data, from the radio
control station 40, which 1s positioned superordinate to the
radio base station 30 1n the mobile communication system 1,
1s inputted to the baseband signal processing portion 304 via
the transmission interface 306 from the radio control station
40 to the radio base station 30. The baseband signal process-
ing portion 304 carries out channel coding and spreading
processing, and outputs the post-processed baseband signal
to the transmitter/recerver portion 303. The transmitter/re-
ceiver portion 303 subjects the baseband signal outputted
from the baseband signal processing portion 304 to frequency
conversion processing, which converts the baseband signal to
a radio frequency band, and outputs this radio frequency band
to the amplifier portion 302. After amplifying the frequency-
converted signal, the amplifier portion 302 sends the ampli-
fied signal to the mobile stations 10, 11, 12, 20 inside the cell
50 via the transmitting/recerving antenna 301.

Conversely, transmission data, so-called uplink data, to the
radio control station 40 1s inputted to the amplifier portion 302
as a radio frequency signal by way of the transmitting/receiv-
ing antenna 301. The amplifier portion 302 amplifies the
inputted radio frequency signal, and thereafter, outputs the
amplified signal to the transmitter/receiver portion 303. Then,
the transmitter/recerver portion 303 converts the amplified
signal to a baseband signal by subjecting it to frequency
conversion, and outputs the baseband signal to the baseband
signal processing portion 304. The baseband signal process-
ing portion 304, after subjecting the inputted baseband signal
to despreading, RAKE combining, and error correction and
decoding processing, transmits the post-processed signal to
the radio control station 40 by way of the transmission inter-
tace 306.

The layer one processing portion 311 shown 1n FIG. 5
carries out downlink data channel coding, uplink data channel
decoding, and transmission power control, RAKE combin-
ing, and spreading/despreading processing for the dedicated
uplink and downlink channels. This layer one processing
portion 311 measures the baseband resource usage in the
downlink, and the baseband resource usage 1n the uplink,
which are congestion parameters, and notifies these measure-
ments to the resource monitoring portion 313. Baseband
resource usage here, as mentioned above, signifies, for
example, the use of hardware resources, such as physical
memory capacity and CPU processing capabilities.
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Furthermore, the layer one processing portion 311 mea-
sures the downlink transmission power, which 1s a congestion
parameter, and notifies this measurement to the resource
monitoring portion 313. Here, transmission power refers to
the total transmission power of the radio base station 30. That
1s, 1t 15 the sum of the transmission power of all the channels
over which the radio base station 30 1s transmitting.

Furthermore, the explanation given here 1s of a situation in
which downlink transmission power 1s measured by the base-
band signal processing portion 304, but transmission power
measurements can also be carried out by other functional
portions, for example, the amplifier portion 302 or the trans-
mitter/recerver portion 303.

Also, the processing by the layer one processing portion
311 1s carried out based on the communication setting
between the radio base station 30 and the mobile station 10.
This communication setting 1s set 1n the call processing por-
tion 312, and 1s controlled by a control instruction sent to the
radio base station 30 from the radio control station 40.

The call processing portion 312 transmits and receives call
processing control signals to and from the radio control sta-
tion 40, and carries out radio base station 30 status manage-
ment and resource allocation, which comprises communica-
tion settings between the plurality of mobile stations 10, 11,
12, 20 and the radio base station 30.

For example, when the radio control station 40 notifies that
the communication setting of the mobile station 10, which 1s
carrying out communications at 64 kbps using the DPCH
(Dedicated Physical Channel) 1n both the downlink and the
uplink, 1s to be changed to 32 kbps communications using the
DPCH 1n both the downlink and uplink, the call processing
portion 312 changes the communication setting between the
mobile station 10 and the radio base station 30 to 32 kbps
communications using the DPCH 1n both the downlink and
uplink.

Further, for example, when the radio control station 40
notifies that the communication setting of the mobile station
10, which 1s carrying out communications at 64 kbps using
the DPCH 1n both the downlink and the uplink, 1s to be
changed to CELL_FACH communications using a FACH
(Forward Access Channel; a downlink access channel) for the
downlink, and a RACH (Random Access Channel) for the
uplink, the call processing portion 312 changes the commu-

nication settings between the mobile station 10 and the radio
base station 30 from 64 kbps using the DPCH 1n both the

downlink and the uplink to CELL_FACH communications
using the FACH {for the downlink, and the RACH {for the
uplink.

The resource monitoring portion 313 receives a plurality of
congestion parameters (that 1s, downlink and uplink baseband
resource usage, downlink transmission power, and so forth)
from the layer one processing portion 311, and notifies these
parameters to the radio control station 40 via the transmission
interface 306.

By using a constitution like that described above, the radio
base station 30 can acquire a plurality of congestion param-
cters related to congestion-generating factors, which 1s a fac-
tor generating congestion in the mobile communication sys-
tem 1, and can transmit these parameters to the radio control
station 40. Further, the radio base station 30 receives control
instructions from the radio control station 40 for controlling

the communication settings between the plurality of mobile
stations 10, 11, 12, 20 and the radio base station 30, and based

on these control instructions, can control the communication

settings between the radio base station 30 and at least one of
this plurality of mobile stations 10, 11, 12, 20. Further, as
described heremnabove, the plurality of congestion parameters
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acquired by the layer one processing portion 311 of the radio
base station 30 include baseband resource usage, transmis-
s1on power, and so forth.

Next, the elements constituting the radio control station 40
and the functions thereof will be explained.

FIG. 7 1s a block diagram showing the functional constitu-
tion of the radio control station 40. The radio control station
40, as shown i FIG. 7, functionally comprises a code
resource managing portion 401, a congestion level evaluating
portion 402 (reception means, evaluation means), a call pro-
cessing portion 403 (instruction generating means), a call
admission controlling portion 404 (instruction generating
means), and a transmission interface 405 (reception means,
transmission means). Furthermore, the description of the
functions of the radio control station 40 1n FIG. 7 focuses on
those functions relevant to a communication control method
related to the present invention, and other functions have been
omitted.

FIG. 8 1s a diagram showing an example of the hardware
configuration of the radio control station 40. The radio control
station 40, as shown 1n FIG. 8, 1s physically constituted as a
communications device comprising a CPU 451, a RAM 452
and a ROM 453, which are storage devices, a communication
module 454, which 1s a transmitter/receiver device for carry-
ing out communications via a communication network N, an
auxiliary storage device 455 such as a hard disk drive, an input
device 456 and output device 457 for carrying out mput/
output related to the processing of the CPU 451. The respec-
tive functions explained in FIG. 7 are realized by reading
prescribed computer software mto the CPU 451, RAM 4352
and other hardware shown 1n FIG. 8, and operating the com-
munication module 454 and so forth under CPU 451 control
to carry out data read/write from/to RAM 452 and ROM 453.

The respective functional elements of the radio control
station 40 will be explained below using FIG. 7.

The code resource managing portion 401, the congestion
level evaluating portion 402, the call processing portion 403,
and the call admission controlling portion 404 are intercon-
nected. Further, these components are also connected to the
radio base station 30 by way of the transmission interface 405.
More specifically, the code resource managing portion 401,
the congestion level evaluating portion 402, the call process-
ing portion 403, and the call admission controlling portion
404 are connected to the call processing portion 312 and the
resource monitoring portion 313 1n the radio base station 30
by way of the transmission interface 405.

The code resource managing portion 401 (parameter
acquisition means) measures downlink code usage, which 1s
a congestion parameter, and notifies this measurement to the
congestion level evaluating portion 402. Code usage as used
here 1s channelization code usage, and 1s a value computed
taking into account the spreading ratio of the respective
codes.

The congestion level evaluating portion 402 evaluates the
congestion degree corresponding to the plurality of conges-
tion parameters acquired from the resource monitoring por-
tion 313 of the radio base station 30 by way of the transmis-
sion interface 405, and the congestion parameter acquired
from the code resource managing portion 401. Congestion
degree here 1s equivalent to a congestion level (that 1s, the
extent ol congestion) estimated based on congestion param-
cters, and shows the state of communication congestion in the
mobile communication system 1. This congestion degree 1s
depicted as a plurality of congestion levels, which are set 1n
stages corresponding to the congestion parameters. More
specifically, a congestion level can be divided into no less than
three stages, and a higher congestion degree 1s set 1n a higher
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congestion level than in a lower congestion level. For
example, when a congestion degree 1s depicted by three con-
gestion levels, this congestion degree 1s divided into three
stages and set as a {irst congestion level, a second congestion
level, which depicts a lower congestion degree than the first
congestion level, and a third congestion level, which depicts
a congestion degree that 1s lower than the second congestion
level. That 1s, when a congestion degree 1s depicted by a
plurality of congestion levels, a (n+1 )th congestion level can
be set to depict a lower congestion degree than an nth con-
gestion level, where n represents an arbitrary natural number.

This congestion level evaluating portion 402 acquires a
notification concerning downlink code usage from the code
resource managing portion 401. Further, the congestion level
evaluating portion 402 acquires noftifications concerning
downlink and uplink baseband resource usage, and downlink
transmission power from the resource monitoring portion 313
of the radio base station 30 by way of the transmission inter-
face 405. Then, the congestion level evaluating portion 402
evaluates the congestion degree corresponding to the respec-
tive acquired plurality of congestion parameters. That 1s, the
congestion level evaluating portion 402 respectively evalu-
ates the congestion degrees corresponding to downlink code
usage, downlink and uplink baseband resource usage, and
downlink transmission power. In addition, the congestion
level evaluating portion 402 stores the evaluated congestion
degrees.

The evaluation of a congestion degree by the congestion
level evaluating portion 402 will be explained 1n detail here-
inbelow. Furthermore, in this embodiment, an example 1s
given of a situation in which a congestion degree 1s divided
into the three stages of congestion level A, congestion level B,
which depicts a lower congestion degree than congestion
level A, and congestion level C, which depicts a lower con-
gestion degree than congestion level B.

First, with regard to downlink code usage, the congestion
level evaluating portion 402 maintains a table like that shown
in FI1G. 9, and evaluates the congestion degree by referencing
the downlink code usage and this table. More specifically, the
congestion level evaluating portion 402 evaluates the conges-
tion degree as congestion level A when the downlink code
usage 1s between 70% and 100%, evaluates the congestion
degree as congestion level B when this code usage 1s between
30% and 70%, and evaluates the congestion degree as con-
gestion level C when this code usage 1s between 0% and 30%.
Furthermore, the downlink code usage 1s given as a relative
value 1n FIG. 9, but an absolute value can be used.

Further, with regard to downlink baseband resource usage,
the congestion level evaluating portion 402 maintains a table
like that shown in FIG. 10, and evaluates the congestion
degree by referencing the downlink baseband resource usage
and this table. More specifically, the congestion level evalu-
ating portion 402 evaluates the congestion degree as conges-
tion level A when the downlink baseband resource usage 1s
between 70% and 100%, evaluates the congestion degree as
congestion level B when this baseband resource usage is
between 30% and 70%, and evaluates the congestion degree
as congestion level C when this baseband resource usage 1s
between 0% and 30%. Furthermore, the downlink baseband
resource usage 1s given as a relative value 1 FIG. 10, but an
absolute value can be used.

FIG. 10 shows a table 1n which the congestion level 1s
evaluated using downlink baseband resource usage, but the
congestion level can be evaluated 1n the same way using
uplink baseband resource usage instead of downlink base-
band resource usage. Further, the congestion level can also be
evaluated using the baseband resource usage of both the
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downlink and the uplink. When using the baseband resource
usage of both the downlink and uplink, the largest of the two
baseband resource usages can be used as the baseband
resource usage for referencing the table. Further, the average
value of downlink baseband resource usage and uplink base-
band resource usage can be utilized as the baseband resource
usage for referencing the table, or the smallest of the down-
link baseband resource usage and uplink baseband resource
usage can be utilized as the baseband resource usage for
referencing the table.

Also, with regard to downlink transmission power, the
congestion level evaluating portion 402 maintains a table like
that shown 1n FIG. 11, and evaluates the congestion degree by
referencing the downlink transmission power and this table.
More specifically, the congestion level evaluating portion 402
evaluates the congestion degree as congestion level A when
the downlink transmission power 1s 41 dBm or more, evalu-
ates the congestion degree as congestion level B when this
transmission power 1s 39 dBm or more but less than 41 dBm,
and evaluates the congestion degree as congestion level C
when this transmission power 1s less than 39 dBm. Further-
more, the downlink transmission power 1s given as an abso-
lute value 1n FIG. 11, but a relative value can be used. In this
case, the congestion level can be evaluated using a relative
value for the transmission power set as the criteria.

Further, a prescribed hysteresis can be imparted to conges-
tion level evaluations, which use the tables shown in FIGS. 9
through 11 described above. More specifically, when chang-
ing a congestion level subsequent to storing this congestion
level, which depicts the congestion degree corresponding to
any of the plurality of congestion parameters of the above-
mentioned code usage, baseband resource usage, and trans-
mission power, the congestion level evaluating portion 402 of
the radio control station 40 can make the first threshold for
raising this congestion level higher than the second threshold
for lowering this congestion level.

FIG. 12 shows a table, which sets the raising-threshold,
which 1s the first threshold, and the lowering-threshold, which
1s the second threshold, related to downlink baseband
resource usage. More specifically, when a notification that
downlink baseband resource usage 1s 80% or higher is
acquired 1n a state 1n which congestion level B 1s stored, the
congestion level evaluating portion 402 raises the congestion
level by evaluating this level as congestion level A. Further,
when a notification that downlink baseband resource usage 1s
between 30% and 70% 1s acquired 1n a state 1n which con-
gestion level A 1s stored, the congestion level evaluating por-
tion 402 lowers the congestion level by evaluating this level as
congestion level B. Stmilarly, when a notification that down-
link baseband resource usage 1s between 40% and 80% 1s
acquired 1n a state 1n which congestion level C is stored, the
congestion level evaluating portion 402 raises the congestion
level by evaluating this level as congestion level B. Also,
when a notification that downlink baseband resource usage 1s
less than 30% 1s acquired 1n a state 1n which congestion level
B 1s stored, the congestion level evaluating portion 402 lowers
the congestion level by evaluating this level as congestion
level C.

Thus, frequent changes 1n the congestion degree in
response to fluctuations 1 congestion parameters in a short
period of time can be reduced by making the first threshold for
raising the congestion level higher than the second threshold
for lowering the congestion level. Therefore, since the fre-
quency with which the communication settings between the
radio base station and the mobile station are controlled by
control instructions from the radio control station can be held




US 8,005,037 B2

13

in check, 1t 1s possible to reduce excessive loads placed on the
respective components of the mobile communication system.

Furthermore, the prescribed hysteresis in the congestion
level evaluation does not have to be a threshold-set hysteresis
like that described hereinabove. Rather, 1t can be a hysteresis,
which prohibits either raising or lowering the congestion
level for a prescribed time 1n accordance with the congestion
level stored 1n the congestion level evaluating portion 402.

The congestion level evaluating portion 402 evaluates the
congestion degree as described above, and notifies the call
processing portion 403 and the call admission controlling
portion 404 of the congestion degree corresponding to each of
the plurality of congestion parameters.

The call processing portion 403 acquires the congestion
degree corresponding to each of the plurality of congestion
parameters from the congestion level evaluating portion 402.
Then, when at least one of the plurality of congestion degrees
obtained from the congestion level evaluating portion 402 1s
a prescribed level or more, the call processing portion 403
generates a control instruction for controlling the communi-
cation setting between the radio base station 30 and at least
one of the plurality of mobile stations 10, 11, 12, 20.

More specifically, when congestion level B 1s the pre-
scribed level for generating a control instruction, and at least
one of the plurality of congestion degrees evaluated by the
congestion level evaluating portion 402 1s congestion level B
or higher (that 1s, either congestion level A or congestion level
B), the call processing portion 403 generates a control
instruction for controlling the communication setting
between the radio base station 30 and at least one of the
plurality of mobile stations 10, 11,12, 20. For example, when
the congestion degrees evaluated by the congestion level
evaluating portion 402 are congestion level C for downlink
code usage, congestion level B for downlink baseband
resource usage, and congestion level A for downlink trans-
mission power, the call processing portion 403 generates a
control mstruction for controlling the communication setting
in accordance with either congestion level A or congestion
level B.

Furthermore, when a plurality of congestion degrees are a
prescribed level or more, 1t 1s desirable that the control
instruction generated by the call processing portion 403 be a
control mstruction for controlling the communication setting
in accordance with the highest congestion degree. As 1n the
example described above, when congestion level B has been
evaluated for downlink baseband resource usage, and conges-
tion level A has been evaluated for downlink transmission
power, 1t 1s desirable that the call processing portion 403
generate a control 1nstruction for controlling the communi-
cation setting in accordance with congestion level A.

Next, a control instruction generated by the call processing
portion 403 will be explained. This control 1nstruction 1s
generated by the call processing portion 403 1n accordance
with the congestion degree, and when at least one of the
plurality of congestion degrees evaluated by the congestion
level evaluating portion 402 1s a prescribed level or more (for
example, when this congestion degree 1s either congestion
level A or congestion level B), the control instruction changes
the communication setting so as to restrict communications
between the radio base station 30 and at least one of the
plurality of mobile stations 10, 11, 12, 20.

For example, the constitution 1s such that when the call
processing portion 403 generates a control instruction, which
conforms to congestion level B, the determination 1s made to
change the communication setting for the mobile station 10,
which 1s carrying out communications at 64 kbps using the

DPCH for both the downlink and the uplink, to communica-
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tions at 32 kbps using the DPCH 1n both the downlink and the
uplink, and a control instruction for changing the communi-
cation setting between the mobile station 10 and the radio
base station 30 1s notified to the mobile station 10 and the call
processing portion 312 of the radio base station 30.

Further, for example, the constitution 1s such that when the
call processing portion 403 generates a control instruction,
which conforms to congestion level A, the determination 1s
made to change the communication setting for the mobile
station 10, which is carrying out communications at 64 kbps
using the DPCH {for both the downlink and the uplink, to
CELL_FACH commumnications using FACH in the downlink
and RACH 1n the uplink, and a control instruction for chang-
ing the communication setting between the mobile station 10
and the radio base station 30 1s notified to the mobile station
10 and the call processing portion 312 of the radio base station
30.

Up until here, a situation in which the call processing
portion 403 generates a control instruction 1 accordance with
the congestion degree alone has been explained, but the con-
stitution can be such that the call processing portion 403
generates a control mstruction 1n accordance with a conges-
tion degree and a priority.

As used here, priority 1s a parameter set for a mobile station
in a mobile communication system to provide different com-
munication services according to the user. As an example of
this priority, there are parameters, which are set 1n accordance
with a priority class (a classification given to a mobile station
for providing a prescribed user with priority service), atype of
service and a type of contract. The constitution can be such
that the priorities set for the respective mobile stations are
stored 1n the congestion level evaluating portion 402 of the
radio control station, and notified to the call processing por-
tion 403 and the call admission controlling portion 404 for
generating a control instruction, together with the congestion
degree corresponding to the plurality of congestion param-
eters.

When the call processing portion 403 generates a control
instruction in accordance with a congestion degree and pri-
ority, the call processing portion 403 can be specifically con-
stituted as follows.

For example, when a first priority 1s set in the mobile
station 11, and a second priority 1s set in the mobile station 12,
and the first priority 1s a higher priornity than the second
priority, the constitution can be such that the call processing
portion 403 generates a control instruction, which changes
the communication setting for restricting communications
between the mobile station 12 and the radio base station 30.

Further, for example, when the second priority 1s set for a
plurality of mobile stations, the constitution can be such that
the call processing portion 403 generates a control nstruc-
tion, which changes the communication setting as described
hereinabove, but only for the mobile station, which has been
communicating for the longest time. More specifically, when
the second priority 1s set for all of the mobile stations 10, 11,
12, and their respective communication times are 3, 5 and 10
minutes, the constitution can be such that the call processing
portion 403 generates a control instruction, which changes
the communications settings to restrict communications
between the radio base station 30 and the two mobile stations
that have been communicating for the longest times. Further-
more, 1in this case, the communications settings between the
radio base station 30 and both the mobile station 11 and the
mobile station 12 are changed.

Also, for example, when there are mobile stations for
which high-priority contracts are in etfect, and mobile sta-
tions for which low-priority contracts are in effect, the con-
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stitution can be such that the call processing portion 403
generates a control instruction, which only changes the com-
munications settings as described hereinabove for mobile
stations for which low-priority contracts are 1n effect. Further,
the constitution can also be such that the call processing
portion 403 generates a control instruction, which only
changes the communications setting as described herein-
above for the mobile station, of the low-priority contract
mobile stations, which has been communicating for the long-
est time. More specifically, when the mobile stations 10, 11,
12 have low-priority contracts, and their respective commu-
nication times are 3, 5 and 10 minutes, the constitution can be
such that the call processing portion 403 generates a control
instruction, which changes the communications setting to
restrict communications between the radio base station 30
and the one mobile station that has been communicating for
the longest time. Furthermore, 1n this case, the communica-
tions setting between the radio base station 30 and the mobile
station 12 1s changed.

Further, for example, the constitution can be such that the
call processing portion 403 generates a control instruction,
which changes the communications settings as described
hereinabove based on the types of service for each of the
mobile stations 10, 11, 12, which are carrying out communi-
cations 1n the cell 50. For example, when there are mobile
stations for which VoIP (Voice over IP) services are being
provided, and mobile stations for which best effort packet
communication services are being provided, the constitution
can be such that the call processing portion 403 generates a
control instruction, which only changes the communications
settings as described heremnabove for mobile stations being
provided with best effort packet communication services.
Further, the constitution can also be such that the call pro-
cessing portion 403 generates a control 1nstruction, which
only changes the commumnications settings as described here-
inabove for the mobile station, of the mobile stations being
provided with best effort packet communication services,
which has been communicating for the longest time. For
example, when the mobile stations 10, 11, 12 have contracts
for best eflort packet communication services, and their
respective communication times are 3, 5 and 10 minutes, the
constitution can be such that the call processing portion 403
generates a control instruction, which changes the communi-
cations setting to restrict communications between the radio
base station 30 and the one mobile station that has been
communicating for the longest time. In this case, the above-
described communications setting change 1s carried out for
the mobile station 12.

Furthermore, the constitution can also be such that the call
processing portion 403 generates a control instruction, which
changes the communications settings as described herein-
above by setting terminal type and user identifier as examples
of priorities instead of just the above-mentioned priority
class, contract type and service type. Here, terminal type
refers to classifying the performance of a mobile station,
which 1s the destination for downlink data, and comprises
classifications based on mobile station identification infor-
mation, the presence/absence or type of RAKE receiver func-
tion, equalizer, reception diversity, and interference canceller,
and the modulation mode, number of codes, and number of
bits capable of being received. Further, user 1dentifier, for
example, refers to an 1dentifier based on the i1dentification
information ot a mobile station, or a user contract ID.

Employing a constitution such that the call processing
portion 403 generates a control instruction 1n accordance with
the congestion degree and priority like this makes it possible
to manage communications quality, which conforms to pri-
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orities set 1n the respective mobile stations 10, 11, 12, 20, for
the state of congestion of the mobile communication system
1. In the mobile communication system 1, there are generally
a plurality of contract types, which include a high-priority
contract type and a low-priority contract type. In a case like
this, preferential treatment can be given to a user with a
high-priority contract type over a user with a low-priority
contract type.

The generation of a control instruction by the call process-
ing portion 403 for controlling the communications setting
between the radio base station 30 and at least one of the
plurality of mobile stations 10, 11, 12, 20, can be carried out
every prescribed time period. For example, the constitution
can be such that the call processing portion 403 generates a
control istruction, which changes the communications set-
tings for two mobile stations every minute.

In addition, the generation of a control 1nstruction by the
call processing portion 403 can also be carried out by assign-
ing an order of precedence to processing based on the size of
the transmission rate. For example, when carrying out a
change of communications settings as described above, 11 a
mobile station, which 1s carrying out communications at 384
kbps using DPCH {for both the downlink and uplink, coexists
with a mobile station, which 1s carrying out communications
at 64 kbps using DPCH for both the downlink and uplink, the
constitution can be such that, first of all, the call processing
portion 403 generates a control instruction, which preferen-
tially changes the communications setting for the mobile
station, which 1s carrying out communications at 384 kbps
using DPCH for both the downlink and uplink, for example,
a control mstruction, which changes from the state in which
communications are carried out at 384 kbps to a state 1n which
communications are carried out at 64 kbps.

Furthermore, 1n the above-mentioned example, a situation
in which the uplink transmission rate 1s the same as the
downlink transmission rate was explained, but the uplink
transmission rate and downlink transmission rate can be dif-
ferent. Further, as mentioned hereinabove, when an order of
precedence 1s assigned to processing based on the size of the
transmission rate, for example, the processing order of pre-
cedence can be assigned based solely on the size of the trans-
mission rate of the downlink.

In general, when data to be communicated in the uplink or
downlink 1s generated, the radio control station 40 changes
(transitions) a mobile station, which 1s 1n a CELL_FACH
state, to a CELL,_DCH state. Here, the CELL_FACH state 1s
one 1n which communications 1s carried out using FACH for
the downlink, and RACH for the uplink, and the CELL_DCH
state 1s one 1n which communications are carried out using,
DCH (Dedicated Channel) for both the downlink and the
uplink. Accordingly, for example, when any of the congestion
degrees evaluated by the congestion level evaluating portion
402 1s congestion level A, the call processing portion 403 can
determine not to change (transition) from the CELL_FACH
state to the CELL DCH state as mentioned hereinabove.

Further, the radio control station generally changes the
transmission rate of the uplink based on the quantities of data
inside the transmission butlers of the respective mobile sta-
tions and the uplink transmission rate. For example, when the
data quantity inside the transmission builer of the mobile
station 10 exceeds a prescribed threshold, a change process
which changes the uplink transmission rate of the mobile
station 10 from 32 kbps to 64 kbps 1s carried out. Accordingly,
for example, the call processing portion 403 can generate a
control instruction, which does not change the transmission
rate of the uplink as described hereinabove, when the conges-
tion degree 1s congestion level A.
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Further, the radio control station generally changes the
downlink transmission rate based on the quantity of data
inside the transmission bufler of the radio control station and
the downlink transmission rate. For example, when the quan-
tity of the mobile station 10 addressed data inside the trans-
mission buifer of the radio control station 40 exceeds a pre-
scribed threshold, a change process which changes the
downlink transmission rate of the mobile station 10 from 64
kbps to 384 kbps 1s carried out. Accordingly, for example, the
call processing portion 312 can generate a control instruction,
which does not change the transmission rate of the downlink
as described hereinabove, when the congestion degree 1s con-
gestion level A.

Furthermore, the same as the situation described herein-
above, a determination not to change from the CELL_FACH
state to the CELL_DCH state described above based on pri-
ority, and either a determination not to change the transmis-
s1on rate of the uplink, or a determination not to change the
transmission rate of the downlink can be carried out. For
example, when there are mobile stations, which are set at the
first priority, and mobile stations, which are set at the second
priority, and the first priority 1s a higher priority than the
second priority, the constitution can be such that the call
processing portion 403 generates a control instruction, which
controls the communications settings between the radio base
station 30 and at least one of the plurality of mobile stations
10,11, 12, 20 based on a determination not to change from the
CELL_FACH state to the CELL_DCH state described above,
a determination not to change the transmission rate of the
uplink, or a determination not to change the transmission rate
of the downlink only for mobile stations set to the second
priority.

Next, the call admission controlling portion 404 will be
explained.

The call admission controlling portion 404 acquires a con-
gestion degree corresponding to each of a plurality of con-
gestion parameters from the congestion level evaluating por-
tion 402. Then, when at least one of the plurality of
congestion degrees obtained by the congestion level evaluat-
ing portion 402 1s a prescribed level or more, the call admais-
sion controlling portion 404 makes a determination as to
whether or not to reject a communication from mobile station
20, which, of the plurality of mobile stations 10, 11, 12, 20, 1s
attempting to start a new communication.

More specifically, the constitution can be such that, when
the congestion degree 1s a prescribed level or more (for
example, congestion level A), the call admission controlling
portion 404 makes a determination that the mobile station 20
cannot start a new communication, that is, a determination to
reject a communication from the mobile station 20.

Furthermore, the determination by the call admission con-
trolling portion 404 as to whether or not to reject a new
communication from the mobile station 20 can be carried out
based on the priority of the mobile station 20. For example,
when there are mobile stations, which are set to the first
priority, and mobile stations, which are set to the second
priority inside the cell 50, and the first priority 1s a higher
priority than the second priority, the constitution can be such
that the call admission controlling portion 404 denies a com-
munication from mobile station 20 only when the mobile
station 20 belongs to the second priornty.

Also, the determination by the call admission controlling
portion 404 as to whether or not to reject a new communica-
tion from the mobile station 20 can be carried out based on the
contract type of the mobile station 20. For example, when
there are mobile stations for which a low-priority contract 1s
in effect, and mobile stations for which a high-priority con-
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tract 1s 1n elfect, the constitution can be such that the call
admission controlling portion 404 denies a communication
from the mobile station 20 only when the mobile station 20 1s
a mobile station for which a low-priority contract 1s 1n effect.

Further, the determination by the call admission control-
ling portion 404 as to whether or not to reject a new commu-
nication from the mobile station 20 can be carried out based
on the service type of the mobile station 20. For example,
when there are mobile stations, which are being provided
with VoIP services, and mobile stations, which are being
provided with best effort packet communication services, the
constitution can be such that the call admission controlling
portion 404 denies a communication from the mobile station
20 only when the service being provided to the mobile station
20 1s a best effort packet communication service.

Further, the constitution can also be such that the call
admission controlling portion 404 makes a determination as
to whether or not to reject a new communication from the
mobile station 20 based on a terminal type and a user 1denti-
fier as examples of priorities 1n addition to the above-men-
tioned priority class, contract type and service type. Here,
terminal type refers to classifying the performance of a
mobile station, which 1s the destination for a downlink packet,
and comprises classifications based on mobile station 1denti-
fication information, the presence/absence or type of RAKE
receiver function, equalizer, reception diversity, and interfer-
ence canceller, and the modulation mode, number of codes,
and number of bits capable of being received. Further, user
identifier, for example, refers to an identifier based on the
identification information of a mobile station, or a user con-
tract 1D.

Furthermore, when the call admission controlling portion
404 decides to admit rather than reject a communication from
the mobile station 20, the call admission controlling portion
404 executes processing for the mobile station 20 to com-
mence communications in the cell 50. That 1s, the call admais-
sion controlling portion 404 controls the communications
settings between the radio base station 30 and the mobile
station 20 by notifying the radio base station 30 and the
mobile station 20 of the control instruction for starting com-
munications. Conversely, when the call admission controlling
portion 404 decides to reject a communication from the
mobile station 20, the call admission controlling portion 404
does not execute processing for the mobile station 20 to start
a new communication 1n the cell 50. In this case, the commu-
nication, which the mobile station 20 attempted to start,
results 1n a lost call.

Employing a constitution like that described above makes
it possible for the radio control station 40 to evaluate conges-
tion degrees corresponding to a plurality ol congestion
parameters related to congestion-generating factors in the
mobile communication system 1, and, when at least one of the
plurality of congestion degrees obtained 1s a prescribed level
or more, to generate a control instruction for controlling the
communications settings between the radio base station 30
and at least one of the plurality of mobile stations 10, 11, 12,
20, and to transmit this control instruction to the radio base
station 30 and at least one of the plurality of mobile stations
10,11, 12, 20.

Next, a communication control method related to an
embodiment of the present invention will be explained while
referring to FIGS. 13 through 18. Furthermore, unless other-
wise specified, the explanation will use the mobile station 10
as an example of a mobile station carrying out communica-
tions with the radio base station 30. Further, the explanation
will use the mobile station 20 as an example of a mobile
station attempting to start a new communication.
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First, one example of the communication control methods
related to the present invention, in which control of the com-
munications settings between the radio base station 30 and
the mobile station 10 1s performed in accordance with a
congestion degree, will be explained using the flowchart
shown 1n FIG. 13.

As shown 1n FIG. 13, first, in Step S1, a plurality of con-
gestion parameters related to congestion-generating factors
in the mobile communication system 1 are measured. More
specifically, the layer one processing portion 311 of the radio
base station 30 measures the downlink baseband resource
usage, and the downlink transmission power. Further, the
code resource managing portion 401 of the radio control
station 40 measures the downlink code usage. The plurality of
congestion parameters measured by the layer one processing
portion 311 and the code resource managing portion 401 are
notified to the congestion level evaluating portion 402 of the
radio control station 40.

In Step S2, the congestion level evaluating portion 402
evaluates the congestion degrees corresponding to the respec-
tive noftified downlink code usage, downlink baseband
resource usage, and downlink transmission power. The evalu-
ation of the congestion degrees can be carried out based on the
tables shown in FIGS. 9 through 12 as described hereinabove.
The plurality of congestion degrees evaluated by the conges-
tion level evaluating portion 402 are notified to the call pro-
cessing portion 403 of the radio control station 40.

In Steps S3 and S5, the call processing portion 403 deter-
mines whether or not at least one of the plurality of congestion
degrees acquired from the congestion level evaluating portion
402 1s a prescribed level or more. More specifically, in Step
S3, the call processing portion 403 determines whether or not
at least one of the plurality of congestion degrees 1s conges-
tion level A, and 1f the determination 1s that at least one of the
plurality of congestion degrees 1s congestion level A, the call
processing portion 403 proceeds to Step S4, and 11 the deter-
mination 1s that none of the plurality of congestion degrees 1s
congestion level A, the call processing portion 403 proceeds
to Step SS.

In Step S4, the call processing portion 403 generates a
control instruction, which changes the settings related to the
communication channel between the radio base station 30
and the mobile station 10, and transmits this control instruc-
tion to the radio base station 30 by way of transmission
interface 405. The radio base station 30, which receives the
control instruction from the radio control station 40 by way of
the transmission interface 306, changes the settings related to
the communication channel between the radio base station 30
and the mobile station 10, and ends processing. Further, the
control instruction, which changes the settings related to the
communication channel between the radio base station 30
and the mobile station 10, 1s also notified to mobile station 10.
When generating a control mstruction like this, the call pro-
cessing portion 403, for example, generates a control istruc-
tion, which changes the communication settings between the
radio base station 30 and the mobile station 10, which are
communicating at 64 kbps using the DPCH 1n the downlink
and the uplink, to CELL_FACH communications, which use
FACH for the downlink, and RACH for the uplink, and trans-
mits this control instruction to the radio base station 30 and
the mobile station 10.

In Step S5, the same as 1 Step S3, the call processing
portion 403 determines whether or not at least one of the
plurality of congestion degrees acquired from the congestion
level evaluating portion 402 1s a prescribed level or more.
More specifically, 1n Step S5, the call processing portion 403
determines whether or not at least one of the plurality of
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congestion degrees 1s congestion level B, and when the deter-
mination 1s that at least one of the plurality of congestion
degrees 1s congestion level B, the call processing portion 403
proceeds to Step S6, and when the determination 1s that none
of the plurality of congestion degrees 1s congestion level B,
the call processing portion 403 ends processing.

In Step S6, the call processing portion 403 generates a
control instruction, which changes the settings related to the
transmission rate between the radio base station 30 and the
mobile station 10, and transmiats this control instruction to the
radio base station 30 by way of the transmission interface 405.
The radio base station 30, which receives the control instruc-
tion from the radio control station 40 by way of the transmis-
sion interface 306, changes the settings related to the trans-
mission rate between the radio base station 30 and the mobile
station 10, and ends processing. Further, the control instruc-
tion, which changes the settings related to the transmission
rate between the radio base station 30 and the mobile station
10, 1s also notified to mobile station 10. When generating a
control mnstruction like this, the call processing portion 403,
for example, generates a control mstruction, which changes
the communications settings between the radio base station
30 and the mobile station 10, which are communicating at 64
kbps using the DPCH 1n the downlink and the uplink, to
communications at 32 kbps using DPCH for the downlink and
the uplink, and transmits this control 1nstruction to the radio
base station 30 and the mobile station 10.

Furthermore, controlling the communication settings
between the mobile station 10 and the radio base station 30
has been explained here, but needless to say, the above-men-
tioned processing as described 1n FIG. 13 can be targeted at all
the mobile stations 10, 11, 12, which are carrying out com-
munications mnside cell 50. Further, this processing can also
be targeted at the mobile station of the mobile stations 10, 11,
12, which has been communicating for the longest time. For
example, processing can be carried out for controlling the
communication settings for only the mobile stations with the
first and second longest communication times.

Next, an example of controlling the communication set-
tings between the radio base station 30 and the mobile station
10 1n accordance with a congestion degree and the above-
mentioned priority will be explained using the flowchart
shown 1n FIG. 14. Furthermore, a situation in which mobile
stations set to a first priority, and mobile stations set to a
second priority exist in the mobile communication system 1,
the first priority 1s a higher priority than the second priority,
and control of communication settings is carried out only for
mobile stations set to the second priority, will be explained.

As shown i FIG. 14, first, in Step S11, a plurality of
congestion parameters related to congestion-generating fac-
tors 1in the mobile communication system 1 are measures the
same as 1 Step S1. The plurality of congestion parameters
(that 1s, downlink baseband resource usage, transmission
power and code usage) measured by the layer one processing
portion 311 and the code resource managing portion 401 are
notified to the congestion level evaluating portion 402 of the
radio control station 40.

In Step S12, the congestion level evaluating portion 402
evaluates the congestion degree corresponding to the respec-
tive notified downlink code usage, downlink baseband
resource usage, and downlink transmission power. The evalu-
ation of the congestion degrees can be carried out based on the
tables shown 1n FIGS. 9 through 12 as described hereinabove
the same as 1n Step S2. The plurality of congestion degrees
evaluated by the congestion level evaluating portion 402 1s
sent to the call processing portion 403 of the radio control
station 40 together with the priority set 1n the mobile station.
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In Step S13, the call processing portion 403 determines
whether or not the second priority 1s set in the mobile station
10, and when 1t 1s determined that the second priority 1s set 1n
the mobile station 10, the call processing portion 403 pro-
ceeds to Step S14, and when 1t 1s determined that the second
priority 1s not set 1n the mobile station 10, the call processing
portion 403 ends processing.

Since Steps S14, S15, S16, and S17 respectively corre-
spond to Steps S3, S4, S5 and S6 shown 1n FIG. 13, duplicate
explanations will be omitted hereinbelow.

Furthermore, needless to say, the above-mentioned pro-
cessing as described 1n FIG. 14 can also be targeted at all the
mobile stations, which are carrying out communications
inside the cell 50, and which are set to the second priority.
Also, the fact that processing for controlling communication
settings can also be carried out for only the mobile station, of
the mobile stations set to the second priority, which has been
communicating for the longest time, 1s the same as the
example described in FIG. 13.

Further, the above-mentioned processing can be carried out
by taking into account any of the examples mentioned above,
such as priority class, service type, contract type, terminal
type and terminal 1dentifier, as the priorty.

Next, another example of controlling the communication
settings between the radio base station 30 and the mobile
station 10 in accordance with a congestion degree will be
explained using the flowchart shown in FIG. 15. In the
example described 1n FIG. 15, the processing in Steps S23
and S25 1n which the call processing portion 403 determines
that at least one of the plurality of congestion degrees
acquired from the congestion level evaluation portion 402 1s
a prescribed level or more (that 1s, Steps S24 and S26) ditlers
from the example described in FIG. 13.

More specifically, in Step S24, the call processing portion
403 ends the processing without generating a control mstruc-
tion, which changes the setting related to the communication
channel between the radio base station 30 and the mobile
station 10. That 1s, the call processing portion 403 retains
communications between the radio base station 30 and
mobile station 10 without changing the settings related to this
communications channel. In this case, the call processing
portion 403 will decide not to change from CELL_FACH to
CELL_DCH even 1n a situation 1n which the call processing
portion 403 would change from CELL_FACH to CELL-
_DCH 1t the status related to the mobile station 10 was normal
(there was no congestion).

Further, 1n Step S26, the call processing portion 403 ends
the processing without generating a control instruction,
which changes the setting related to the transmission rate
between the radio base station 30 and the mobile station 10.
That 1s, the call processing portion 403 retains communica-
tions between the radio base station 30 and the mobile station
10 without changing the settings related to this transmission
rate. In this case, the call processing portion 403 will decide
not to change the transmission rate of the uplink and downlink
even 1n a situation 1 which the call processing portion 403
would change the transmission rate of the uplink and down-
link 11 the status related to the mobile station 10 was normal
(there was no congestion). Here, for example, there are times
when changing the transmission rate of the uplink and down-
link changes the transmission rate from 32 kbps to 64 kbps.

In addition, since Steps S21, S22, S23, and S23 respec-
tively correspond to Steps S1, S2, S3 and S5 shown 1n FIG.
13, duplicate explanations will be omitted.

Furthermore, controlling the commumnication settings
between the mobile station 10 and the radio base station 30
has been explained here, but needless to say, the above-men-
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tioned processing as described 1n FIG. 15 can be targeted at all
the mobile stations 10, 11, 12, which are carrying out com-
munications mside cell 50, and can also be targeted solely at
the mobile station, which has been communicating for the
longest time as in the case shown in FIG. 13.

Next, another example of controlling the communication
settings between the radio base station 30 and the mobile
station 10 1n accordance with a congestion degree and priority
will be explained using the tlowchart shown in FI1G. 16. In the
example described i FIG. 16, the processing in Steps S34
and S36 in which the call processing portion 403 determines
that at least one of the plurality of congestion degrees
acquired from the congestion level evaluation portion 402 1s
a prescribed level or more (that 1s, Steps S35 and S37) differs
from the example described 1n FIG. 14.

More specifically, the same processing as that of Step S24
described 1n FIG. 15 1s carried out as Step S35. In this Step
S35, the call processing portion 403 ends the processing
without generating a control instruction, which changes the
setting related to the communication channel between the
radio base station 30 and the mobile station 10. That 1s, the
call processing portion 403 retains communications between
the radio base station 30 and the mobile station 10 without
changing the settings related to this communications channel.

Further, Step S37 carries out the same processing as that of
Step S26 described 1 FIG. 15. In this Step S37, the call
processing portion 403 ends the processing without generat-
ing a control instruction, which changes the setting related to
the transmission rate between the radio base station 30 and the
mobile station 10. That 1s, the call processing portion 403
retains communications between the radio base station 30 and
the mobile station 10 without changing the settings related to
this transmission rate.

In addition, since Steps S31, 532, S33, 534 and S36 respec-
tively correspond to Steps S11, 512,513, 514, and S16 shown
in FI1G. 14, duplicate explanations will be omitted.

Furthermore, needless to say, the above-mentioned pro-
cessing as described 1n FIG. 16 can also be targeted at all the
mobile stations, which are carrying out communications
inside the cell 50, and which are set to the second priority, the
same as the situation of FIG. 14. Also, the fact that processing,
for controlling communication settings can also be carried
out only for the mobile station, of the mobile stations set to the
second priority, which has been communicating for the long-
est time, 1s the same as the example described in FI1G. 14.

Further, the fact that the above-mentioned processing can
be carried out by taking into account, as the priority, any of the
examples mentioned above, such as prionty class, service
type, contract type, terminal type and terminal 1dentifier, 1s
the same as the situation described 1n FIG. 14.

Next, an example of controlling 1n accordance with a con-
gestion degree the communication settings between the radio
base station 30 and the mobile station 20, which 1s attempting
to start a new communication with the radio base station 30 in
the cell 50, will be explained using the flowchart shown 1n
FIG. 17. In the example described 1n FIG. 17, the processing
in Step S43 in which the call processing portion 403 deter-
mines that at least one of the plurality of congestion degrees
acquired from the congestion level evaluation portion 402 1s
a prescribed level or more (that 1s, Step S44) differs from the
example described in FIG. 13.

More specifically, in Step S42, the congestion level evalu-
ating portion 402 evaluates the congestion degree corre-
sponding to the respective notified downlink code usage,
downlink baseband resource usage, and downlink transmis-
sion power. The evaluation of the congestion degrees can be
carried out based on the tables shown 1n FIGS. 9 through 12
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as described hereinabove the same as 1n Step S2. Unlike the
example described 1n FIG. 13, the plurality of congestion
degrees evaluated by the congestion level evaluating portion
402 1s notified to the call admission controlling portion 404 of
the radio control station 40.

Further, 1n Step S44, the call admission controlling portion
404 ends processing without generating a control instruction
for starting a new communication between the radio base
station 30 and the mobile station 20. That 1s, the call admis-
s1on controlling portion 404 denies the communication from
the mobile station 20, which 1s attempting to start a new
communication. In this case, the call admission controlling
portion 404 determines not to receive the new communication
from the mobile station 20, and the communication, which
the mobile station 20 attempted to start, results 1n a lost call.

In addition, since Steps S41 and S43 respectively corre-
spond to Steps S1 and S13 shown in FIG. 13, duplicate
explanations will be omitted. Furthermore, in this example,
the processing corresponding to Steps S5 and S6 in the
example described in FIG. 13 will be omutted.

Next, another example of controlling the communication
settings between the radio base station 30 and the mobile
station 20, which 1s attempting to start a new communication
with the radio base station 30 1n the cell 50, will be explained
in accordance with a congestion degree and the above-men-
tioned priority using the flowchart shown 1n FIG. 18. In the
example described in FIG. 18, the processing 1n Step S54 1n
which the call processing portion 403 determines that at least
one of the plurality of congestion degrees acquired from the
congestion level evaluation portion 402 1s a prescribed level
or more (that 1s, Step S55) differs from the example described
in FIG. 14.

More specifically, the same processing as that of Step S44
described 1n FIG. 17 1s carried out as Step S55. In this Step
S35, the call admission controlling portion 404 ends process-
ing without generating a control instruction for starting a new
communication between the radio base station 30 and the
mobile station 20. That 1s, the call admission controlling
portion 404 denies the commumnication from the mobile sta-
tion 20, which 1s attempting to start a new communication. In
this case, the call admission controlling portion 404 deter-
mines not to recerve a new communication from the mobile
station 20, and the communication, which the mobile station
20 attempted to start, results 1n a lost call.

In addition, since Steps S31, S53 and S34 respectively
correspond to Steps S11, S13 and S14 shown 1n FIG. 14, and
Step S352 corresponds to Step S42 described 1n FIG. 17,
duplicate explanations will be omitted. Furthermore, in this
example, the processing corresponding to Steps S16 and S17
in the example described 1n FIG. 14 will be omatted.

Furthermore, the fact that the above-mentioned processing,
may be carried out by taking 1into account, as the priority, any
of the examples mentioned above, such as priority class,
service type, contract type, terminal type and terminal 1den-
tifier, 1s the same as the example given in FIG. 14.

The operation and effects of the above-explained commu-
nication control method related to this embodiment will be
explained.

According to the communication control method related to
this embodiment, congestion degrees (congestion levels) for
cach of a plurality of congestion parameters related to con-
gestion-generating factors are evaluated, and the communi-
cation settings between the radio base station 30 and the
mobile stations 10, 11, 12, 20 are controlled. Theretfore, con-
gestion 1n the mobile communication system 1 1s accurately
estimated by taking into account a plurality of congestion-
generating factors, making 1t possible to precisely avoid the
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generation of congestion. More specifically, appropriate
mobile communications services can be provided by chang-
ing the communication settings to restrict communications
between the radio base station 30 and at least one of the
plurality of mobile stations 10, 11, 12, 20, and carrying out
control, which restricts the receiving of a new communica-
tion.

Further, when the radio control station 40, subsequent to
storing the congestion level, which depicts the congestion
degree corresponding to any of the plurality of congestion
parameters, changes the congestion level, the first threshold
for raising this congestion level may be made higher than the
second threshold for lowering this congestion level. By so
doing, the frequency with which the congestion degree is
changed 1n response to the fluctuation of the congestion
parameters in a short period of time 1s reduced. Therefore,
since the frequency with which the communication settings
between the mobile stations 10, 11, 12, 20 and the radio base
station 30 are controlled by control instructions from the
radio control station 40 can be held 1n check, 1t 1s possible to
reduce excessive loads placed on the respective components
of the mobile communication system 1.

Further, a congestion degree 1s divided into no less than
three congestion levels, and may be set at a first congestion
level, a second congestion level, which depicts a lower con-
gestion degree than the first congestion level, and a third
congestion level, which depicts a congestion degree that 1s
lower than the second congestion level. Constituting the con-
gestion degree like this enables flexible and fine-tuned con-
trol.

In addition, at least one of the plurality of congestion
parameters may be a parameter related to the downlink
between the radio base station 30 and the plurality of mobile
stations 10, 11, 12, 20. Further, at least one of the plurality of
congestion parameters may be either code usage, baseband
resource usage, or transmission power. Making these param-
eters congestion parameters enables fine-tuned control.

Further, a control instruction for determining the priorities
set for the plurality of mobile stations 10, 11, 12, 20 by the
radio control station 40, and for controlling the communica-
tion settings between the radio base station 30 and at least one
of the plurality of mobile stations 10, 11, 12, 20 may be an
instruction, which controls the communication settings in
accordance with the congestion degree and the priority. By
using a communication control method like this, the commu-
nication settings between the radio base station 30 and the
mobile stations 10,11, 12, 20 are controlled based not only on
the plurality of congestion parameters, but also on the priori-
ties set for the mobile stations 10, 11, 12, 20. Therefore, 1n a
state of communication congestion 1n which it 1s likely that
congestion will be generated, 1t 1s possible to carry out precise
communication control, which conforms to the users of the
mobile stations 10, 11, 12, 20, while avoiding the generation
of congestion. More specifically, making communication set-
tings between the radio base station 30 and the mobile stations
10, 11, 12, 20 based on a priority, such as a priority class,
service type, or contract type, makes it possible to manage
communications quality for each priority, enabling the pro-
vision ol more appropriate mobile communications services.

Further, the above-mentioned control instruction may also
be an instruction related to a commumnication setting between
the radio base station 30 and the mobile station, of the plu-
rality of mobile stations 10, 11, 12, 20, which has a low
priority, and which has been communicating for a long time.
Using a control instruction like this, for example, makes 1t
possible to restrict use of a mobile station, which has been in
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use for a long time, and to more precisely carry out commu-
nication control, which conforms to the user of the mobile
station.

In addition, a communication setting, which 1s controlled
by the above-mentioned control instruction, may be a setting,
related to changing the transmission rate. Further, a commu-
nication setting controlled by the above-mentioned control
instruction may also be a setting related to changing a com-
munication channel. Using communication settings like this
makes it possible to carry out more precise communication
control 1n accordance with a congestion degree.

Also, a communication setting, which 1s controlled by the
above-mentioned control instruction, may be a setting, which
denies a communication from the mobile station 20, which 1s
attempting to start a new communication. Using a communi-
cation setting like this makes 1t possible to protect the quality
of communications between the radio base station 30 and the
mobile stations 10, 11, 12, which are already communicating,
inside cell 50, by virtue of the radio base station 30 rejecting
a communication generated 1nside cell 50 1n a state of con-
gestion 1n which a congestion degree 1s a prescribed level or
more.

The radio base station 30 and radio control station 40
related to this embodiment also have technical characteristic
teatures, which correspond to the above-mentioned commu-
nication control method, and exhibit the same operations and
elfects.

More specifically, the radio base station 30 related to this
embodiment acquires a plurality of congestion parameters,
which comprise data related to baseband resource usage as
one of the plurality of congestion parameters. Therefore,
since the radio base station 30 1s able to recerve from the radio
control station 40 a control instruction, which takes into
account baseband resource usage and so forth as a conges-
tion-generating factor, the communication settings between
the radio base station 30 and the mobile stations 10, 11, 12, 20
can be more precisely controlled.

Further, according to the radio control station 40 related to
this embodiment, the congestion degree for each of a plurality
ol congestion parameters related to congestion-generating
factors 1s evaluated, and a control instruction, which controls
the communication settings between the radio base station 30
and the mobile stations 10, 11, 12 20 1s generated. Therelore,
since the congestion 1n the mobile communication system 1 1s
accurately estimated by taking into account a plurality of
congestion-generating factors, the radio control station 40 1s
able to transmit a control 1struction for precisely avoiding
the generation of congestion to either the radio base station 30
or the mobile stations 10, 11, 12, 20.

Furthermore, the present mvention 1s not limited to the
embodiment described heremabove, and, naturally, various
changes within a scope that does not depart from the gist of
the present invention are possible.

For example, 1n the communications control method
related to this embodiment, which was explained using F1IGS.
13 through 18, control was carried out based on downlink
baseband resource usage, but this control may be carried out
based on uplink baseband resource usage nstead. Also, con-
trol may be carried out based on both downlink baseband
resource usages and uplink baseband resource usage. In gen-
eral, 11 the transmission rate of the downlink and uplink are
the same, the uplink baseband resource usage and downlink
baseband resource usage will be the same, and therefore
control may be carried out based on the downlink baseband
resource usage. Further, even if the transmission rates of the
downlink and uplink differ, in an ordinary W-CDMA mode
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likely to lead to congestion-generating factors than insuifi-
cient uplink resources. That 1s, 1n an ordinary W-CDMA
mode system, since downlink congestion degrees are more
important than uplink congestion degrees, carrying out con-
trol based on congestion parameters related to the downlink
makes 1t possible to fully avoid the generation of congestion.
However, since there are also times when 1nsuificient uplink
resources will constitute a congestion-generating factor, 1t 1s
desirable that control be carried out based on both uplink and
downlink baseband resource usage.

Further, the sharing of functions by the radio base station
30 and radio control station 40 as described above 1s not
limited to the above-mentioned embodiment. That 1s, a part of
the above-described functions of the radio base station 30
may be realized in the radio control station 40, and a part of
the above-described functions of the radio control station 40
may be realized 1n the radio base station 30. For example, the
resource momtoring portion 313 of the radio base station 30
may maintain the above-mentioned tables shown in FIGS. 10
through 12, a congestion level based on the baseband resource
usage 1n the downlink and uplink, and a congestion level
based on the downlink transmission power may be decided in
the radio base station 30, and these congestion levels may be
reported to the congestion level evaluating portion 402 of the
radio control station 40. Further, the code resource managing
portion 401 may maintain the above-mentioned table shown
in FIG. 9, may decide a congestion level based on the down-
link code usage, and may report this congestion level to the
congestion level evaluating portion 402. When functions are
shared as 1n these examples, the congestion level evaluating
portion 402 of the radio control station 40 notifies the call
processing portion 403 and call admission controlling portion
404 of a congestion level reported from either the radio base
station 30 or code resource managing portion 401.

Further, in the examples given above, control of commu-
nication settings for changing and retaining communication
settings, and for rejecting a communication from a mobile
station, which 1s attempting to start a new communication, 1s
carried out based on the same congestion level, but a different
congestion level may be used for each process. For example,
for changing a communication setting, processing may be
performed based on congestion degrees determined on the
basis of baseband resource usage in the downlink and uplink,
and downlink transmission power reported from the radio
base station 30, and for processing other than a communica-
tion setting change, processing may be performed based on
congestion degrees determined on the basis of baseband
resource usage in the downlink and uplink, downlink trans-
mission power, and downlink code usage.

Also, 1n the above-described embodiment, a situation 1n
which a W-CDMA mode 1s employed 1n a 3GPP 1s explained,
but the embodiment of the present invention 1s not limited to
the W-CDMA mode, and may be applied to other mobile
communication systems.

What 1s claimed 1s:

1. A communication control method for a mobile commu-
nication system, which comprises a plurality of mobile sta-
tions, a radio base station capable of communicating with the
plurality of mobile stations, and a radio control station, which
1s able to communicate with the radio base station and which
controls communications between the radio base station and
the plurality of mobile stations, the communication control
method comprising:

a measurement step of measuring a plurality of congestion

parameters related to factors generating congestion in
the mobile communication system:;
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an evaluation step of evaluating, by the radio control sta-
tion, congestion degrees corresponding to each of the
plurality of congestion parameters measured 1n the mea-
surement step, each congestion parameters set to one of
at least three congestion degrees; and
a control step of performing a prescribed operation with
respect to a communication setting between the radio
base station and at least one of the plurality of mobile
stations 1n accordance with a control nstruction trans-
mitted from the radio control station to the radio base
station when at least one of the plurality of congestion
degrees acquired by the evaluation step 1s a prescribed
level or more, and not performing the prescribed opera-
tion with respect to the communication setting when all
of the plurality of congestion degrees are less than the
prescribed level.
2. The communication control method according to claim
1, wherein, when the radio control station changes a conges-
tion level depicting the congestion degree corresponding to
any of the plurality of congestion parameters after storing the
congestion level 1n the evaluation step, a first threshold for
raising the congestion level 1s higher than a second threshold
for lowering the congestion level.
3. The communication control method according to claim
1, wherein the congestion degree 1s divided into no less than
three congestion levels, and a higher congestion degree 1s set
in a higher congestion level than 1n a lower congestion level.
4. The communication control method according to claim
1, wherein at least one of the plurality of congestion param-
cters 1s a parameter related to downlinks between the radio
base station and the plurality of mobile stations.
5. The communication control method according to claim
1, wherein at least one of the plurality of congestion param-
eters 1s either code usage, baseband resource usage or trans-
mission power.
6. The communication control method according to claim
1, further comprising a priority determination step of deter-
mimng a priority, which has been set for the plurality of
mobile stations by the radio control station, wherein the con-
trol 1nstruction in the control step 1s an instruction for per-
forming the prescribed operation with respect to the commu-
nication setting in accordance with the congestion degree and
the priority.
7. The communication control method according to claim
6, wherein the control instruction in the control step 1s an
instruction related to the communication setting between the
radio base station and the mobile station which has the low
priority and which has been communicating for a long time.
8. The communication control method according to claim
1, wherein the communication setting operated by the control
instruction 1n the control step 1s a setting related to changes 1n
a transmission rate.
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9. The communication control method according to claim
1, wherein the communication setting operated by the control
instruction 1n the control step 1s a setting related to changes 1n
a communication channel.

10. The communication control method according to claim
1, wherein the communication setting operated by the control
instruction 1n the control step 1s a setting for rejecting a
communication from a mobile station, which 1s attempting to
start a new communication.

11. A radio control station 1 a mobile communication
system, which comprises a plurality of mobile stations, a
radio base station capable of communicating with the plural-
ity of mobile stations, and the radio control station, which 1s
able to communicate with the radio base station, and which
controls communications between the radio base station and
the plurality of mobile stations, the radio control station com-
prising:

a reception portion for recerving a plurality of congestion
parameters related to factors generating congestion in
the mobile communication system:;

an evaluation portion, including a processor, for evaluating,
congestion degrees corresponding to each of the plural-
ity of congestion parameters acquired by the reception
portion, each congestion parameters set to one of at least
three congestion degrees;

an 1nstruction generating portion for generating a control
instruction for performing a prescribed operation with
respect to a communication setting between the radio
base station and at least one of the plurality of mobile
stations, when at least one of the plurality of congestion
degrees acquired by the evaluation portion 1s a pre-
scribed level or more, and not performing the prescribed
operation with respect to the communication setting
when all of the plurality of congestion degrees are less
than the prescribed level; and

a transmission portion for transmitting the control instruc-
tion generated by the mstruction generating portion to
either the radio base station or at least one of the plurality
of mobile stations.

12. The communication control method according to claim

2, wherein the radio control station changes the congestion
level based on a prescribed hysteresis.

13. The radio control station according to claim 11,
wherein the radio control station 1s configured to change a
congestion level depicting the congestion degree correspond-
ing to any of the plurality of congestion parameters after
storing the congestion level by the evaluation portion based
on a prescribed hysteresis, and

wherein a first threshold for raising the congestion level 1s
higher than a second threshold for lowering the conges-
tion level.
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